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What 1s MINERvVA?

MINERVA proposes to build a low-risk v detector with
simple, well-understood technology ...

MINERVA

... In the NuMI
beam just upstream
of MINOS.
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What 1s MINERvVA?

MINERVA proposes to build a low-risk v detector with
simple, well-understood technology ...

» Active core is segmented solid scintillator

® tracking (incl. low momentum protons)

= particle 1dentification

= few ns timing (track direction, 1dentify stopped K+
» Surrounded by electromagnetic and then hadronic calorimeters
= Photon (n°) and hadron (7)) energy measurement
» C, Fe and Pb nuclear targets upstream of solid scintillator core

»MINOS near detector as high energy p spectrometer
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Motivation for MINERvVA

Entering a period of precision neutrino oscillation measurements ...

Precision understanding of low energy (Few GeV) neutrino cross sections
Models

Nuclear effects
Final state detalils

YV VYVYY

Beam Matrix Unoscillated

..... — WO Fit Unoscillated

= B=am Matrix Best Fii
g MG Background
% —4— MINOS Data
Recent results from 3
MINOS ’
5 10 15
Reconstructed E,, (GeV)
hep-ex/0607088
S. Manly, University of Rochester NUFACTO06, Irvine, Ca

February 27, 2006



Motivation for MINERvVA

Entering a period of precision neutrino oscillation measurements ...

Precision understanding of low energy (Few GeV) neutrino cross sections
Models

Nuclear effects

Final state detalils
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© COFRR [15]

o BNL 7—feet [18]
X ANL 12—feet [17]
O ANL 12—feet {18}

e ¥ ,, %

— — — o(qel)
- = - o(im)

NUFACTO06, Irvine, Ca
February 27, 2006




Motivation for MINERvVA

The recent APS Multidivisional Neutrino Study Report
predicated its recommendations on a set of assumptions about
current and future programs including:
support for current experiments, international cooperation,
underground facilities, R&D on detectors and accelerators, and

“determination of the neutrino reaction and production
cross sections required for a precise understanding of
neutrino-oscillation physics and the neutrino astronomy of
astrophysical and cosmological sources. Our broad and
exacting program of neutrino physics is built upon precise
knowledge of how neutrinos interact with matter.”

ST S. Manly, University of Rochester NUFACTO06, Irvine, Ca
W , February 27, 2006




Cross sections interesting in their own right ...
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Motivation for MINERvVA

Determination of axial form factor

Duality in neutrino interactions
Nuclear effects
Coherent pion production

S. Manly, University of Rochester

NUFACTO06, Irvine, Ca
February 27, 2006

QF scallering, v, I"A(szfdipu]e, M,=1.014 GeV

7 Minerva, F‘(Qz) errors 1

GgP(Q®), Polarization/dipole 1
o BNL 81, D,, Baker et al. {
< ANL 82, D; Miller et al.

= MINERVA
NHL("C\ Alderholz, Phys. Rev. Lett. 63, ‘1,54\',\ {1989)
C), Faissner, Phys. Letl. 1258, 2 1€

[ 5 CHARM (CC),

+ CHARM 11 (CC), Vilain, F'hys Lett. 11 3B, 267 \1:031

o(v, + A —> uw+n" +A)




MINERVA Collaboration

D. Drakoulakos, P. Stamoulis, G. Tzanakos, M. Zois W K. Brooks, A. Bruell, R. Ent, D. Gaskell, W. Melnitchouk, S. Wood
University of Athens Jefferson Laboratory

D. Casper#, J. Dunmore, C. Regis, B. Ziemer D. Buchholz, H. Sehellman
University of California, Irvine

Northwester University

L. Aliaga, J.L. Bazo, A. Gago
Pontificia Universidad Catolica del Peru

E. Paschos
University of Dortmund

M. Andrews, D. Bochnlein, N. Grossman, S. Boyd, S. Dytman, M.S. Kim, D. Naples, V. Paolone
D.A. Harris#, J. Kilmer, M. Kostin, J.G. Morfin*, University of Pittsburgh
A. Pla-Dalmau, P. Rubinov, P. Shanahan, P. Spentzouris A. Bodek, R. Bradford, H. Budd, J. Chvojka, P. de Barbaro, R. Flight,
Fermi National Accelerator Laboratory S. Manly, K. McFarland*, J. Park, W. Sakumoto, J. Seger, J. Steinman
I. Albayrak, M.E. Christy, C.E. Keppel, V. Tvaskis University of Rochester
Hampton University R. Gilman, C. Glasshausser, X. Jiang, G. Kumbartzki,
R. Burnstein, O. Kamaev, N. Solomey R. Ransome#, E. Schulte
Illinois Institute of Technology Rutgers University
S. Kulagin A. Chakravorty
Institute for Nuclear Research, Moscow Saint Xavier University
L. Niculescu. G. Niculescu D. Cherdack, H. Gallagher, T. Kafka, W.A. Mann, W. Oliver
James Madison University Tufts University
R. Gran _ _ _ R. Ochoa, O. Pereyra, J. Solana
University of Minnesota-Duluth, Duluth Universidad Nacional de Ingenieria, Lima, Peru
G. Blazey, M.A.C. Cummings, V. Rykalin J.K. Nelson#, R. Schneider
Northern Illinois University The College of William and Mary

* Co-Spokespersons

S. Manly, University of Rochester NUFACTO06, Irvine, Ca # Members of Executive Committee 8
February 27, 2006




HEP/NP Partnership

» This partnership is truly a two-way street rrr—

= significant NP participation
in MINERVA because of
overlap of physics with £ s
Jefferson Lab Community Neutrino Phy ‘omes to JLab

The inner workings of the sun, the mysteries of dark
matter and dark energy and the structure of the early
universe all may be unlocked by one cosmic key:
neutrinos. Now. new research carried out in Jefferson
Lab's experimental Hall C may help provide insight

JE F - T
“ e r m I Iab Oda y into neutrinos, the force that governs their behavior

and, surprisingly, the structure of the nucleus of the

atom.+

Nuclear Option: MINERVA | "y ERvA offers us the possibility of
Attracts Nuclear Physicists

fie fourth articls i ies on the

making a bridge in our understanding
between the longsr distance-zcale

oroperties of the nuclear > J Lab program (J UPITER)

force--rezponzible for the properiiss of

nuclgi--and the very short-distance scales = data for neutrino cross-section

explored in particle physics," says modeling

Ransome. "And this intermediate distance ) )

scale is of great interest to both = already run one dedicated experiment
communities.”

= Active program of data mining with
neutrinos in mind

S. Manly, University of Rochester NUFACTO06, Irvine, Ca 9
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MINERVA Detector

Active elements are 1.7x3.3 cm triangular

Detector Channel Count: bars of extruded scintillator with
embedded 1.2 mm WLS fibers
+31,000 channels _

*80% in inner hexagon
*20% in Outer detector
503 M-64 PMTs (64 channels)
+128 pieces of scintillator
per Inner Detector plane

Inner detector is totally
active scintillator strip
detector. Alternating planes
rotated by 60 degrees to
make 3 views (XUXV)

S. Manly, University of Rochester NUFACTO06, Irvine, Ca
February 27, 2006
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MINERVA Detector

Active elements are triangular

Detector Channel Count: bars of extruded scintillator with
31.000 channels embedded 1.2 mm WLS fibers
*80% in inner hexagon \

*20% in Outer detector
503 M-64 PMTs (64 channels)
+128 pieces of scintillator

per Inner Detector plane

:? 3 Readout by Hamamatsu M64
'// " / 4+

FE Readout Based on TriP-t ASIC
and LVDS chain

ADC (triple range) plus few ns
resolution timing

i

Inner detector is totally
active scintillator strip
detector. Alternating planes
rotated by 60 degrees to
make 3 views (XUXV)
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Electronics

» Front-end Electronics
= One board per PMT

= Digitization via TriP-t Chips, taking

. PVIC/VME Interf 5) t
advantage of DO design work niertace ermanen

Storage

Control Room
Console

Two-tier
Low-Voltage
Distribution System

LVDS Digital Token Ring
(4 Rings/VME Module)

S. Manly, University of Rochester NUFACTO06, Irvine, Ca 13
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MINERvVA: R&D / Prototyping / expected performance

Detailed design, now
down to fine-tuning

Robert Flight
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MINERvVA: R&D / Prototyping / expected performance

» Inner detector scintillator triangles
* Demonstrated feasibility of meeting mechanical specs
* Provide scintillator for light yield measurements

—

Co-Extruder o !

X-section of

Triangle Die
il scintillator

N
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MINERvVA: R&D / Prototyping / expected performance

Fiber routing and mechanical
QTSN WENC I Front View

prototype module
(layer substructure)

prototype PMT
rack

Bob Bradford
Jaewon Park
Zack Desantis
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MINERvVA: R&D / Prototyping / expected performance

QT ey (e
i eagiaer] / Scintillator (T102 Coating)

N I

WLS Fiber

Optical path:

fibers/cables/connectors/PMT i,
Ll
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MINERvVA: R&D / Prototyping / expected performance

Fiber/connector light
attenuation test
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MINERvVA: R&D / Prototyping / expected performance
Detector > Vertical slice test

scintillator

= 3-layer, 21 scintillator prototype
(including MINERVA electronics)

= Measured 21 pe/MIP for each

layer
Trigger : ”» :
scintillators = Min-I track position resolution
measured to be 3.4 mm

Position residual for VST muons ((L1+L3)/2 - L2)
Entries 15393

Mean  -0.1246
RMS 3.295

Howard Budd
'\ Jesse Chvojka

10 15 20
Residual (mm)
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MINERVA: Cost and expected schedule

» Roughly $17M with contingency, escalation and burdened
» 2006 Continue R&D with Vertical Slice Test
» 2007 Multi-plane Tracking Prototype:

= Roughly 20% of the full detector

= Full EM Pb Calorimeter, no hadron Calorimeter

= Tests to be performed
o Construction procedures

Scintillator spacing uniformity

0
o Plane uniformity across many planes

o Planes stacked as close as physics dictates?
0

How to replace PMT Boxes /front end boards)

»> 2008 Construction Begins
> 2009 Cosmic Ray Data and hopefully some neutrino data

S. Manly, University of Rochester NUFACTO06, Irvine, Ca 20
February 27, 2006




MINERVA Events
I i !!l

ua51e1astlc event Neutral Current 1° Resonance production
v, n—)up VHA—>vuAn° VP> AT S>pwpn
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MINERVA Event Rates

NUMI Beams _ _
014 X10° > Fiducial Volume Assumes 16.0x1020 in
" ' = ~3 tons CH LE and ME NuMI
o = ~06tC beam configurations
0.10 _ ~O.5’[ Fe over 4 years
= ~0.5t Pb

» Expected CC event samples
= 8.6 Mveventsin CH

= 0.4MveventsinC

e = 2.0 Mveventsin Fe
8 10 12 14 16 18 2

CC Events/GeV/3.8x10°°POT/kt

Energy (GeV) = 25Mveventsin Pb
Main CC Physics Topics (Statistics in CH)

» Quasi-elastic 0.8 M events
» Resonance Production 1.6 M total
» Transition: Resonance to DIS 2 M events
» DIS, Structure Funcs. and high-x PDFs 4.1 M DIS events
» Coherent Pion Production 85 KCC /37 KNC
>

Strange and Charm Particle Production > 230 K fully reconstructed

S. Manly, University of Rochester NUFACTO06, Irvine, Ca 22
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MINERVA Physics: Low Energy Neutrino Scattering

Lipari, Lusignoli and Sartogo, PRL 74, 4384 (1995)

o COFRR [156]
O BNL 7—feet [18]

We will be making : ‘ o ANL 15 fect L18]
precision

measurements of low
energy neutrino cross

sections:

— — — o(qel)
- = = o(1m)

Contributions to total cross section: Gror= +ORrpsTODIS
v(7) n(p) — p~ (1T) p(n)

Orps. Resonance -> Inelastic, Low-multiplicity final states

Inelastic, High-
multiplicity final states
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MINERVA Physics: Low Energy Neutrino Scattering

Lipari, Lusignoli and Sartogo, PRL 74, 4384 (1995)

o CCFRR [15]

O BNL 7—feet [18]
X ANL 12—feet [17]

We will be making ' b @ ANL 12—teet (18]
precision
measurements of low
energy neutrino cross
sections:

— — — o(qel)
- = = o(1m)

10°

Estimated Cross section uncertainties
Process  Current  After MINERVA

NuMI flux range 1-20 GeV

(JE 20% 51

Res 40% 5/109%(CCINC)
DIs 2%, 50
Coh 1005

S. Manly, University of Rochester NUFACTO06, Irvine, Ca 24
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Coherent Pion Production

CC Coherent Pion Production Cross Section

= MINERvA 4-year run
2 FNAL (CC). Alderholz, Phys. Rev. Lett. 83, 2349 (1989)

» Aachen (NC), Faissner, Phys. Lett. 125B, 230 {1983)
o COM (NC), Isiksal, Phys. Rev. Lett. 52, 1096 (1984)
o SKAT (CC), Grabosch, Z. Phys. C31, 203 (1986)

a SKAT (NC), Grabosch, Z. Phys. C31, 203 (1986)

. BEBC (CC), Marage, Z. Phys. C43, 523 (1989)

« CHARM (CC), Bergsma, Phys. Lett. 157B, 469 (1985)
+ CHARM Il (CC), Vilain, Phys. Lett. 3138, 267 (1993)

A-Dependence of 5 GeV CC Coherent Cross-Section
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Paschos- Kartavtsev model
100 125 150 175 200

A of target nucleus

MINERVA’s nuclear targets allow the first
measurement of the A-dependence of 0, across
a wide A range =» Distinguish between models

Expected MiniBooNe & K2K measurements

» Provides a test of the understanding of the weak interaction
= (ross section can be calculated in various models
» Neutral pion production is a significant background for neutrino oscillations
= 1 shower easily confused with an electron shower: v, 2v,n 2ep, v, A2V, 7 A

S. Manly, University of Rochester NUFACTO06, Irvine, Ca 25
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MINERVA and Oscillations
Example: Nuclear Effects on MINOS

Final State Interactions

" Intranuclear rescattering
* Energy loss and/or absorption
= Change 1n direction

MINOS Iron Calorimeter - & —intr. OFf
-==Intr. On

Nuclear effects among B

the largest systematics

=

o o O
o
4~ O o

Fe

m 2 o o
Fa

Changes measured visible energy
Spectrum: Translate to shift in Far/Near

o o AN NEREE FEEEE N
‘dip’ location -> Am? 5 10 15 2
Meutrino Energy (GeV)

D. Harris et al. hep-ex/0410005
MINERVA will perform measurements with high-A targets and high-statistics

Mean Visible,/True Ener
e

[ I |
¥ DO

o)
o
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MINERVA and Oscillations
Example: Nuclear Effects on MINOS

Final State Interactions

" Intranuclear rescattering
* Energy loss and/or absorption
= Change 1n direction

Before MINERVA

Ogtat ~ Osyst ( FESCALtEring only)

MINOS +0,,, (nucl) AM
MINGS + o, {r‘luclj PM

After MINERVA:

Ogat > Ogyst ( F€SCattering only)

NUFACTO06, Irvine, Ca 27
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How NOvVA will use MINERVA Measurements

ﬁ 0.014 --- Qurrent o Errors

0012 o Errors after MINERLA

02,01 — Statistical (S0ktxSyr)
NC
Y, €C 0.003

Far Detector

Error on sin®

0008

0.004

0.002

"

.-1--r-r11"|"r"|"|“|“l|-.|.-|“-|“|-.|d|“| NENEEEEEEERE NSRS EEERE EEEEE EEEE

O
Q0 Q0 .02 Q.03 0.04 0,05 .06 0,07 Q.08 02 0.1
.
=] =

Process QE RES COH DIS

dc/c NOW (CC,NC) 20% 40% 100% 20%

do/c after MINERVA (CC/NC) 5%/Mma | 5%/10% 5%/20% 5%/10%

Study is for old NOvA design, but results expected to be
gualitatively similar with TASD design

S. Manly, University of Rochester NUFACTO06, Irvine, Ca
February 27, 2006




How will T2K use MINERVA measurements

T2K Events at SK (NoOsc)
v, CC multi-pi

Note that as in NOvVA, T2K’s near
detector will be a very different mix of
events than the far detector.

To make accurate prediction, need

= 1 -4 GeV neutrino cross sections
» Energy Dependence of cross
sections

MINERVA can provide these with
NuMI beamline Low Energy running!

NUFACTO06, Irvine, Ca
February 27, 2006
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Summary
» MINERVA

= Opportunity for precision neutrino interaction measurements
= Wide range of neutrino energies
= Several different nuclear targets allows study of nuclear effects

= [mportant input to current and future oscillation measurements

» Project schedule
= 2006: R&D, Prototyping and Test process
= 2007: Build Tracking Prototype
= 2008: Construction begins, cosmic ray data on Prototype

= 2009: Construction ends, Installation begins

S. Manly, University of Rochester NUFACTO06, Irvine, Ca 30
February 27, 2006
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